Abstract This study investigated provider-based complementary/alternative medicine use and its association with receipt of recommended vaccinations by children aged 1-2 years and with acquisition of vaccine-preventable disease by children aged 1-17 years. Results were based on logistic regression analysis of insurance claims for pediatric enrollees covered by two insurance companies in Washington State during [2000][2001][2002][2003]. Primary exposures were use of chiropractic, naturopathy, acupuncture, or massage practitioner services by pediatric enrollees or members of their immediate families. Outcomes included receipt by children aged 1-2 years of four vaccine combinations (or their component vaccines) covering seven diseases, and acquisition of vaccine-preventable diseases by enrollees aged 1-17 years. Children were significantly less likely to receive each of the four recommended vaccinations if they saw a naturopathic physician. Children who saw chiropractors were significantly less likely to receive each of three of the recommended vaccinations. Children aged 1-17 years were significantly more likely to be diagnosed with a vaccinepreventable disease if they received naturopathic care. Use of provider-based complementary/alternative medicine by other family members was not independently associated with early childhood vaccination status or disease acquisition. Pediatric use of complementary/alternative medicine in Washington State was significantly associated with reduced adherence to recommended pediatric vaccination schedules and with acquisition of vaccine-preventable disease. Interventions enlisting the participation of complementary/alternative medicine providers in immunization awareness and promotional activities could improve adherence rates and assist in efforts to improve public health.
Introduction
Experts have hailed vaccination as one of ten great Twentieth Century achievements in public health in the United States (US) [1] . Pediatric vaccines have dramatically reduced infectious disease and childhood mortality [2] . The US government's ''Healthy People 2010'' initiative has set coverage goals for six vaccines recommended for universal use in young children [3] .
However, the recommendations are not without controversy. Some parents choose to delay vaccinating their children or forgo vaccination altogether for at least some of the targeted diseases. Research has consistently found associations between parental support for complementary and alternative medicine (CAM) therapies and opposition to pediatric vaccination. One research group reported an association between family use of CAM providers, particularly chiropractors, and application for nonmedical exemptions from compulsory school entry vaccinations [4] . Another linked parental orientation toward alternative medicine with greater concern for side effects and a likelihood of opting out of vaccinations [5] . Still another found that decisions against pediatric vaccination were more common among parents who preferred obtaining vaccination information from CAM providers instead of conventional providers or public health experts [6] .
Surveys of North American providers have reported mixed findings regarding chiropractors' attitudes toward vaccination. A national study of US chiropractors conducted in the mid-1990s found that two-thirds of respondents agreed that immunizations should never be given to infants under 1-year-old. Almost half believed the chiropractic profession should officially oppose the American Public Health Association's vaccination guidelines. More than one-third believed that immunizations cause more disease than they prevent, that contracting an infectious disease is safer than being immunized against it, and that there is no scientific proof that immunization prevents disease [7] . Researchers since that time have continued to detect vaccination hesitancy among chiropractors [8] . However, two articles concluded that only a minority of the chiropractic profession, fueled by the writings of a handful of vocal opponents, holds extreme anti-vaccination views [9, 10] . Surveys of students and practitioners have confirmed that a majority of the rank-and-file offer general support for vaccination and the provision of the full spectrum of risk-benefit information to patients [11] [12] [13] . A 1998 survey of Boston family-practice chiropractors found that the majority provided education to parents but made no explicit recommendation, 30% actively recommended in favor, and only 7% actively recommended against pediatric vaccination [11] . Currently neither the American Chiropractic Association (ACA) nor the International Chiropractors Association (ICA) takes an official stand regarding the relative risks and benefits. Both groups oppose mandatory vaccination and emphasize the need for individual freedom of choice. The ACA calls for ''informed awareness of the benefits and possible adverse effects of vaccination,'' [14] whereas the ICA emphasizes risk over benefit [15] . An early study found significantly greater agreement with anti-vaccination statements among ICA than among ACA members [7] . The International Chiropractic Pediatric Association's position is similar to that of the ICA, focusing on adverse consequences. Its main vaccination web page emphasizes risk information and includes links to additional pages focusing on risks of specific vaccines [16] .
Evidence about associations between naturopathy and pediatric vaccination is less plentiful, but published reports suggest that only a minority of naturopathic physicians actively support full vaccination [17] [18] [19] [20] . A survey of naturopathic physicians in Massachusetts found most making no recommendation, 20% actively recommending, and 7% actively opposing pediatric vaccination [17] .
Doubts about vaccination have centered on several arguments. First is a belief that vaccinations do not produce immunity or that they actually cause disease [4, [6] [7] [8] [9] [10] 12] . Second are concerns about vaccine safety, side effects and adverse events, links to autism, and general interference with appropriate development of the immune or nervous systems [4, 5, 7-10, 21, 22] . A third argument emphasizes preference for infection-driven immunization as more permanent or less risky than vaccine-induced protection. [7, 8, 12] . Fourth are arguments that minimize risk of disease acquisition [4, 6] or effects [4, 6, 9] . Finally, some vaccination opponents voice disbelief in pro-vaccination information provided by allopathic providers, government agencies, public health experts, and immunization safety and efficacy research [4, 6, 7, 18] .
With increased CAM use in the US during the latter half of the Twentieth Century [23] [24] [25] , users' attitudes toward pediatric vaccination have wielded potentially greater influence on vaccination rates. Estimates of pediatric CAM use suggest substantially lower utilization among children than adults, but the estimates vary widely, depending upon the year of data collection, time period considered, study design and sample, geographic area, and types of CAM included. In a 1996 national self-report survey, fewer than 2% of parents reported use of any CAM therapies, broadly defined, in the previous year by their children through age 18 years [26] . Reported rates of use were considerably higher in two 1999 surveys that asked parents whether their children had ever used CAM therapies. When asked about lifetime use, 6% of those seeking care in Detroit-area pediatric practices [27] and 12% seeking care in the emergency department of a Pittsburgh children's hospital [28] reported pediatric CAM use. Data from Washington State insurance claims revealed 6% of pediatric enrollees through age 17 years had used provider-based CAM therapies during calendar year 2002 [29] . Estimated rates of pediatric use of chiropractic and naturopathy have typically been higher than estimates for other CAM therapies [28] [29] [30] [31] . Despite relatively low pediatric use of provider-based CAM, CAM practitioners may exert direct influence on vaccination rates through information provided to parents who see them strictly for adult care [32] . Additional influence on parents may occur through websites that are affiliated with CAM groups [33] or that refer to CAM literature [34] .
Indications of considerable vaccination hesitancy among CAM users and providers notwithstanding, a study based on the 2002 National Health Interview Survey found that adult users of CAM were more likely than non-users to report having had vaccinations themselves [35] . This finding suggests that CAM users may be more ''health conscious'' than non-users and may engage in a wide variety of diseaseprevention measures. Whether increased health consciousness among adults enhances prevention activities with their children is of interest. To date, however, studies related to pediatric vaccination have typically focused on the following: (1) vaccination attitudes or recommendations rather than uptake rates [5, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , (2) activities related to compulsory vaccination [4] , or (3) rates among localized samples of pediatric CAM users [19, 20] . In the current article we examine the use of provider-based CAM therapy and receipt of recommended pediatric vaccinations in a statewide sample. The sample comprised non-Medicaid pediatric enrollees in two large insurance companies in Washington State, where insurance coverage of provider-based CAM therapy is required by law. Because research has shown that exemptions from school immunization requirements are correlated with higher rates of infectious disease [36] , we also examine the association between pediatric CAM use and vaccinepreventable disease occurrence.
Methods

Study Sample and Outcomes
The study was based on secondary analysis of de-identified enrollment and claims data collected in 2000-2003 by two large Washington State insurance companies. We used two subsets of these data for analyses.
Analysis of pediatric vaccination included data for enrollees whose first and second birthdays occurred during the data collection period and who were continuously enrolled during the two calendar years in which those birthdays occurred. The data record for each enrollee encompassed this 2-year time slice and included dichotomous indicators for CAM provider use and vaccination receipt occurring any time during the 2-year period.
Analysis of disease acquisition included data for enrollees for any of the data-collection years in which they were between the ages of 1 and 17 years and were enrolled for the full calendar year. The data record for each enrollee encompassed a 1-to 4-year time slice, depending upon the number of years during the data collection period when they met the age and continuous-enrollment requirements. Each record included yes/no indicators for CAM provider use, a yes/no indicator for diagnosis with any vaccinepreventable disease, and the number of complete years of pediatric coverage during the time slice.
For each of the two analyses we included only records containing at least one claim for healthcare service. The University of Washington Human Subjects Division approved all research procedures.
We used the healthcare effectiveness data and information set (HEDIS) [37] standards as our benchmark for evaluating vaccination adherence. HEDIS criteria are stricter than the goals set forth in Healthy People 2010. HEDIS vaccination standards for 2003 required four vaccinations between ages 1 and 2 years: measles/mumps/rubella, chickenpox, diphtheria/tetanus/pertussis, and H. influenzae type B. (Although HEDIS standards exist for additional vaccinations recommended for universal pediatric use, they can be met by treatment prior to the child's first birthday-a year for which we lacked complete data.) A child met the measles/mumps/rubella standard with receipt of a vaccination for each of the three diseases, either separately or in combination, on or between the first and second birthdays. The chickenpox standard required receipt of a vaccination on or between the first and second birthdays. Diphtheria/tetanus/ pertussis immunization required four vaccinations by the second birthday, with one or more vaccinations for (at least) diphtheria and tetanus occurring on or between the first and second birthdays. The H. influenzae type B standard was met with three vaccinations by the second birthday, at least one occurring on or between the first and second birthdays. We evaluated vaccination status using codes from Current Procedural Terminology (CPT) [38] (Appendix 1).
Because of restrictions imposed by the health insurance portability and accountability act (HIPAA) [39] , insurance companies provided us with only the child's year of birth, rather than the exact birth date. Lacking the ability to evaluate whether vaccinations occurred precisely ''on or between the first and second birthdays,'' we gave credit for all vaccinations received at any time during the calendar years of first and second birthdays. Thus, we almost certainly included some vaccinations that occurred outside the HEDIS windows. We coded each of the four vaccinations as a dichotomy: 0 = not received during the 2-year period; 1 = received during the period.
Because incidence of vaccine-preventable disease in the sample was low, we used a single outcome to evaluate pediatric disease acquisition. The dichotomous outcome indicated an insurance claim showing diagnosis with any of ten diseases included in federal pediatric vaccination guidelines: diphtheria, tetanus, pertussis, polio, measles, mumps, rubella, H. influenzae type B, hepatitis B, or chickenpox. The result was a dichotomous outcome based on codes from the International Classification of Diseases (ICD-9) [40] : 0 = no diagnoses during the time period, 1 = diagnosis with one or more vaccine-preventable diseases (Appendix 2).
Predictors
Six dichotomous predictors for the vaccination outcomes measured whether there were visits with each of five specific provider types (naturopathic physician, chiropractor, acupuncturist, massage therapist, or conventional care provider) and whether other members of the enrollee's family received care from a CAM provider. For analysis of disease acquisition, predictors of interest were the four variables measuring use of each CAM provider type by the pediatric enrollee and a variable measuring family use of any CAM provider during the enrollee's relevant time slice.
Covariates
We adjusted for the following covariates in multiple regression models of vaccination: insurance company, gender, birth year, insurance product type, and the enrollee's residential rural-urban-commuting-area (RUCA) code. In addition to these adjustments, we adjusted the disease acquisition model for the number of years of insurance coverage reflected in the enrollee's data record. Insurance product type had four values: preferred provider organization, point of service, health maintenance organization, and fee-for-service. The RUCA code is an ordinal variable measuring the ''rural-ness'' of the enrollee's place of residence: 0 (metropolitan core) to 10 (rural) [41] .
Analyses
We used logistic regression models to evaluate both vaccination status and disease acquisition. Software included Microsoft Access for data management, SPSS [42] for descriptive statistics, and Stata [43] for regression models.
Results
The Vaccination Sample
The insurance companies provided continuous coverage to 11,144 children for whom claims were made during the years of first and second birthday (Table 1) . Most children were enrolled in preferred-provider or point-of-service products and lived in metropolitan areas. They were spread relatively evenly over the two genders and three birth years. Most received all health care from conventional providers, with fewer than 4% having visits to any CAM provider. About 30% of the children had other family members with claims for CAM services. Children were significantly more likely to have seen a naturopathic physician if they were enrolled in a health maintenance organization (2.9%) or point-of-service product (2.2%) than if they had preferred-provider (1.5%) or fee-for-service coverage (1.2%; v 2 = 11.37, df = 3, P = .010). By contrast, more preferred-provider (2.8%) than point-of-service (1.7%), fee-for-service (1.5%) or health-maintenance-organization enrollees (0.6%) saw chiropractors (v 2 = 22.56, df = 3, P = .000). Receipt of acupuncture and massage services did not differ significantly by product type. During the years of first and second birthday, about 75% of the enrollees received vaccinations for diphtheria/tetanus or H. influenzae type B, 67% received measles/mumps/rubella vaccinations, and 51% had chickenpox vaccinations.
Predictors of Pediatric Vaccination
Because few enrollees received acupuncture or massage, we excluded these predictors from regression models. After adjustment for insurance company, rates of vaccination for chickenpox increased significantly over the study period; all vaccination types were more likely in urban than in rural areas; and all rates were highest in point-of-service and health-maintenance-organization plans, lower in preferredprovider plans, and lowest among fee-for-service enrollees ( Table 2) .
Uptake rates for each vaccination type were significantly lower among children who received either chiropractic or naturopathic care and among children whose family members received care from CAM providers than among their counterparts. Compared with children who received all health care from conventional providers, those who saw both conventional and CAM providers had significantly lower rates of all four vaccinations, and rates among children who received care exclusively from CAM providers were lower still.
In multivariate models (Table 3) , naturopathic care remained a significant predictor of reduced rates of all vaccinations, and chiropractic care was a significant predictor of all except diphtheria/tetanus. Use of CAM by other family members did not have a significant independent association with vaccination rates-the reduction in the strength of association resulting from confounding of CAM use with product type.
The Disease Acquisition Sample Our data included information for 213,884 enrollees with at least 1 full year of coverage between the ages of 1 year and 17 years. Over 7% of the enrollees saw a CAM provider, typically a chiropractor, during this period, and about 30% came from families with some use of CAM providers (Table 4) . Disease acquisition was low, with just over 1% of the enrollees receiving diagnoses of vaccine-preventable disease during their measurement period. Of the diagnosed cases, 85% involved chickenpox, 7% pertussis, 5% rubella, 2% hepatitis B, 1% mumps, and 1% all other diseases combined.
Predictors of Disease Acquisition
Diagnosis with a vaccine-preventable disease was significantly more likely among enrollees aged 1-17 years who saw a CAM provider during 2000-2003 than among those who used conventional care exclusively: 1.5% versus 1.3%, respectively. In a multivariate model including all five CAM predictors, and with adjustment for the number of years of insurance enrollment during the period, only naturopathy was associated with increased disease acquisition (Table 5) .
Discussion
To our knowledge, this is the largest study to date of CAM provider use and immunization rates among young children enrolled in private insurance plans. We found that, among nonMedicaid pediatric enrollees in two Washington State insurance companies, those who received care from naturopathic physicians or chiropractors during the years of their first or second birthdays were significantly less likely to have met the HEDIS schedule for vaccination against measles/mumps/ rubella, chickenpox, or H. influenzae type B than were their a Any of 10 diseases for which there were federal pediatric vaccination guidelines: diphtheria, tetanus, pertussis, polio, measles, mumps, rubella, H. influenzae type B, hepatitis B, and chickenpox counterparts. Additionally, children who received care from naturopathic physicians were significantly less likely to have received timely protection against diphtheria/tetanus. Diagnosis with vaccine-preventable diseases among children through age 17 years was rare. However, pediatric use of naturopathy was associated with significantly more diagnoses, and chickenpox was the diagnosis most frequently made. Although studies over the last quarter century have suggested a lack of support for pediatric vaccination among a subset of CAM practitioners, there has been little information regarding associations between use of providerbased CAM therapies and parents' adherence to national vaccination guidelines. Our study suggests that parents who use naturopathic physicians or chiropractors for pediatric care are less likely to meet recommendations for vaccinations as measured by HEDIS specifications. The national Healthy People 2010 goals use an age range of up to 35 months to assess adherence, and our results, based on the stricter HEDIS standards, provide more conservative estimates of overall vaccination rates. However, our findings, in combination with current evidence of insufficient progress toward Healthy People 2010 goals in Washington State [45] and the US as a whole [51] , underscore the public health importance of improving vaccination rates among CAM providers' pediatric patients.
This study has several limitations. First, we used insurance claims as our sole source of evidence. Previous studies have found that claims underestimate true immunization levels [46] and include inaccuracies in diagnosis [47] . However, our findings are consistent with those based on provider and parent surveys, thus extending the knowledge base with information from insurance claims. Second, our insurance dataset began with the calendar year of the child's first birthday, thereby omitting information for a portion of the first year of life for most children. As a result, we could estimate adherence related to only a portion of the HEDIS vaccination schedule. Moreover, because we did not have precise date-of-birth information, we adopted a generous definition of adherence for even this portion of the standards and almost certainly over-estimated adherence to the schedule. However, we have no reason to believe that these deficits discriminated against CAM users. Third, our results are based on claims for children enrolled in non-Medicaidfunded insurance plans in Washington State. Vaccination rates in this sample may differ from those for the totality of Washington State children. Except for chickenpox, the vaccination coverage levels in our sample were lower than statewide estimates for children aged 19-35 months in 2000-2003 [48] . Previous studies have suggested that some children enrolled in private insurance plans may not have full vaccination coverage and that government-sponsored programs may lead to higher uptake rates among children without private insurance [49, 50] . We cannot evaluate the extent to which differences between our findings and statewide estimates were the result of our sample's more restrictive age range, private insurance coverage, or other unmeasured factors that differentiated this sample from the one used to estimate statewide rates. Again, however, we have no reason to suspect that this limitation would differentially affect users versus non-users of CAM. Fourth, our data covered too short a time period for determining whether parents chose to delay vaccinations until their children were older or to forgo vaccination altogether. Fifth, although we have shown associations between use of CAM providers and both reduced vaccination and increased disease incidence, our data do not allow attribution of causality. Lower vaccination rates among pediatric CAM users may reflect either a tendency for parents who prefer natural approaches to health and who are already vaccine-hesitant to seek out CAM professionals, or a pattern of direct influence by CAM providers on parents' attitudes. Some researchers have suggested that vaccine-hesitant parents may prefer CAM practitioners, in part, because they are less likely to introduce pro-vaccination pressure [32] . Washington State, where our study took place, has demonstrated strong acceptance of chiropractic and naturopathy into mainstream medical care [44] . Although pediatric vaccination rates in the state have increased dramatically in recent years, Washington currently lags behind 40 other states in childhood vaccination [45] . Our data were not sufficient for evaluating whether these two factors are related. Finally, our insurance data did not include information on factors such as income, education, and racialethnic status, which may confound associations between CAM use and both vaccination and diagnosis rates.
Our findings suggest that interventions with CAM practitioners and parents may be needed to increase support for pediatric vaccination. Future research aimed at developing successful interventions must include in-depth studies of parents and CAM providers to assist in understanding more precisely the important provider-related deterrents to vaccination. Intervention protocols will need to be responsive to the extent to which CAM providers are directly instrumental in reducing immunization or merely incidental to the patient population served. Also important will be an understanding of the mechanisms whereby direct influence is exerted (e.g., whether providers explicitly advise against vaccination or influence patients through more indirect means, such as pamphlets made available in waiting rooms or opinions expressed about where to turn for reliable information).
Irrespective of the causal dynamics, interventions with naturopathic physicians and chiropractors to increase active support for vaccination programs may be beneficial. Studies indicate that a majority of CAM practitioners make no explicit recommendations, and only a minority actively recommend against vaccination. Thus, many providers may be open to more active support of vaccination in conversations with parents. A recent survey found chiropractors in Alberta amenable to participation in immunization awareness and promotional activities [52] . Interventions enlisting assistance from CAM providers in the US might be productive, as well. 
